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(57) Abstract 

After a polarization inversion layer (3) is formed 
on a LiTaOa substrate (1), an optical waveguide is 
formed. This structure is annealed at low temperature 
so that the refractive index increased due to a high- 
temperature heat treatment is decreased to obtain a stable 
proton exchange layer (8a), which forms a stable optical 
wavelength conversion device. In consequence, a phase 
matching wavelength becomes constant and the fluctua- 
tion of harmonic output can be eliminated. Therefore, a 
high-reliability optical wavelength conversion device is 
provided using a nonlinear optical effect. 
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a-7^^TSfetlTl^l>^{wJ?$ 0. 5 ^©•T'a h >2fc*JB*JBJfc«. 
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C©&, HF : HNP.Ol : H^Il>fc2»x 7 f->^ir i,T, 

5 5 OtOfiSTl 5»IB©ttiB*£fr5C ^of^jft 
JS7fcf::#©£4EJl£3&j&-r*o &teS©iB&-fc£U- Mi 5 O'C/s&K 
5 -Mil OX/ffrtr*. ^ftM&SKJ^T. Ta^X^©^/^->^S 

HI 4*#KUE*«&* JtBXS00fcC*<X«©7a-*|ft!J§-f* o 

io m=J:-»T**4W*»fiW* (xr^s ioo)„ ytmwimm&mo^x? 

tLXlU TaKCig4 Mm. ^$ 1 2ram0X'J 9 h£0j£Lfct>©£fflt>So 
2 6 0^C. 1 Gfr®<Dl*nmm*'?7uh>$&%ft'>tz. Uf-^S 
110)&, Ta7X^^4t5, I$3 0 0nmOS i 0,^11041 

^aofc^tc te£7--;i/ uf^s 1 2 o) jtmm&<D&j&%% 

15 T-T^o <SfiT--;Wi* B»*±**»it«fcJ6. £^+Tl 2 O'C©^ 
g£2 0 0B#fffl*T -,*-«, C©i£zlT--;UtI=t-pT. 3c5e^n N >3E&J§*^j£ 

20 a &ft®smme>mn * *> m < > 1 . 8 n midasr*, 8 4 0 

W«**»*tfc. COJ:^KtT*»*»*WiHtT**. -©fit 
25 ?OS$liBmmTfe5o 

S*iftP 1 fcUT*NW*l/--!T* (&£8 4 0 nm) ««ftft©A««iCAIt 
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3, &g4 2 0 nm©iftg&P 2^ffi|?|-gU^t»S^*|5{r3[^JB$n 
/Co mtlS 0mW6DS*toA*ir^LTs ffi^J 1 0mW©^IIi$ (&g4 2 0 
nm) *<#&tlfc, d©«<£©gfc8&2£tel 2 96Tfc&„ 3fc&«fi£ < £ fc, g 

(#gMJ3) 

ftKU *f&S§©£r 3 ©fSJSfll tLT, L i NbO,Sfi (J?§ : 0. 4-0. 
5 mm) *il^^i:ohTW*c 

ie«^Jfe0!lT<g;B LfcT a - > bm&<D'<?-y&m'?Z T a m@ 

(^lOTaSi) £L I NbO,tt«©£M_Lrcj§&j£*-*. 

CMLfcllOTallii:, iffiOIffil^lS U fcfS 2 © T a «ff £ K «fc -5 

$ lOTafi«!:l2 0Talii0(ai:^fE (0J;Uf 1 0*n**;U 

HF : HNF 3 01 : ll^«i:T2^x y f >^u TafS^ 
*"TSo X'J -y HfrDlingff Off 4 ^m N fi$ 1 2 mm) ^foTavX 

***«LtlCJ&J3tl,fc** tfn*«*ffl^fc^D K>2«Woa (2 3 01C, 10 

Se^l>T4 2 0°C2OT©r--;U^-3o d©T~-;Wr«fc-,T, 

22 



WO 96/38757 PCT/JP96/01472 



T--Ji< (&2gM£iS7--;l/) *fx$. £©J:-3C *HWJT(i2SP&©^ 

-f* h-*ju©B?H*afflfrr*fc»-cfc*. l o oiCT©r— -;nriti«. 6 
o c CT©T--;u{cJt^r^^<is?ii$n5*<s mi nzTFZtizxotzi o 

6 o«CT'©i£ar--;w*i&JD«i{rm>. ^^{cm^uSo d©2SP£7 

10 --;WC«fc^Ts ¥<^o^|l. tt«<b©feUlC< ^ fSfSe^n h>£& 

_t^©J:^^XgJlJ;*}^$nfc3t^K©^d(i. 1. 8^mT*5» 
#&£IE;§©S3fllJt!8!te3 ^ mT*!K i8£8 4 0 nmlC»LT»fW.*. 

ft»fi*fc*y-*<»ift-e**o C©^©S<*lil OmmTftS. 

P 1 £LT¥^#l'-iOfc (ifc§8 4 0 nm) &AltS&«fc O^&S-tirfciC^ 
ifcg4 2 0 nm©i5fiigP 2^a#»J: l)»«^raiOttl*n*: 0 £*fc8 0 
mW®A*T'l 3mW©i$iS& (ifcg4 2 0 nm) J(S^>rb{i^-3fc < 

20 nc<*Httl«»ttlMH=MLT^fc. 

ttfc> d©*»fl|-C<i* M«Sfag"C2SS©(SfiT— (2g7--;i0 
&?Tr>tzt)\ mtU*. 1 0 0ta>t>6 0*C*T-3 0 I^BfrtfTfc* K&g£®T 

25 (£fflffll4) 

Bl 5Afrt»I!l 5C^IU«^> *^HiSm4©Hifi0H^ 
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m-i 0 

Nb0 3 i:Li 'f a 0, ©&&#«( L i Nb 0 . B Ta 0 . B 0 8 JH) 16' i T 
a 0 33&gl±KJ5fcg<*-£* 0 fflliil 0 0 COfctt*^ 5*<»fr 

ttttl 6 th i Ta0,*tEli©aijipir«s o 01 5B{C^$tlS«J: 

<^TJP£ 3 0 0 nm©S i O^mL 1 ±ICl»»Lfc*H JB*T*± 
#£&fD«fci6©<&ig7~-;WT-5o c©r— -;Hi, l o o°CT3 0B#m 

W?JMIHSffl7--;W^ d*ll::§|#&< 7 01CT6 0BMWf"5aS»fEB7 

©**©« ti 9 mmT'£>£ 0 %4Rfcft£MttiB$%¥m UMtSSfc .ttffctJ 
4rtP*»RUfc. «HH*l/- !f3t 4 0 nm) ^AlfrgflJ; ^jKS-a-fci 

^ir^UTl>^ 0 &MK©#tt(i> L i N b o 5 T a 0 5 0 3 i;:RS5£<*ftt\ 
L lNb.Tii.,0, (0<x<l) ^i©mipfT*,TfeJ:h. 

(»W5) 

4&Bj©g5©£ffi0!l£ffiH'4-S o 

0 0, X-ry^S 2 1 0XC?Xf<y^S 2 2 OfC^ftS, Xf-y^S 2 0 OT 

24 



W0 96/387S7 PCT/JP96/01472 



rs 2 2 o t»«7i-*«f^ o <eo&. (xfvrs 2 3 o> „ 

i&MT--»iM ufyrs 2 4 0). mwmmxm Ufv^s 2 5 o> N 

AR3- f*XH CXf-y^S 2 6 0) Zffit* 

^-~>^-T*o &frTafC«fc£/^->iW£j£$ti*:L i Ta0 3 ^tgl^2 
3 OX:, 1 O^^a h>S3Mrfx^XU y MtTKj?*0. 5 m©:/D h > 
5afcB*«J*1**. ^I'HF : HNF 3 ©1 : liE^{CT2^fa3iyf->^U 
10 Ta^*t5 0 mdFZm^XA 0 0WlW7i-A (SfSlOT-WU) 

*m VMf** o.oi g&_h# u/r^k/i*^fiSt$n*o ^{rm^sJuifi t 

LT, St0{C«t»3SiO2*3 0 0nmf«IDtfc„ ^UTli^tlTA 1 &x 

15 55fiME^n h>«Ji*<»jft*n*. ;;tliIl©7--;i/J:>3 3 3 o"C«i* 
&gTS& 2 (O7i-Wo fee 2 0 0 «C£l Ji« < "f £ C £TM£*# < iSfDT 

20 WJ^AI^isJ;ef|HOT*?BJSU*:. £©J:5 Kl/T3fc*W«iftT*S. 
3*i/yfc*<tt&W*ftfco W»btt*<'<-f T*WEtt2 0 0 OBWHKJLJfJt 
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Bl 7Ci5*S*lSJ:$K\ aNW:i/— !f2 0J:i)fflfc#>r*Pl ateb>X 
3 0Tl^£n@ttU-1f|SflT*5YAG2 l£E&jg-f*o 

Y A G 2 1 K(i 9 4 7 n mfc*Jf $ 5 - 2 2 iWBJfcSftTfc 5 &g 9 

10 4 7 nmTU— !f8fiU £»P l#jMt*tl*„ 2 5© 

a«flOlcat*»P 1 ©£&m 5 - 2 3*<J&j£3*iT*>!3, I/— Jf58»l4C©|B 

^•2 5{IJ;|5^«P 1 BftHftp 2-v££SU?tt5 0 C ©JHMVTIifllHfft 
^*ft*nfcJBJH«^M«B«^*^*««JWIt-?-i LTL i T a 0 3 g*£ 

Bl 7TlttZ«OL i TaO,^ 2 tt«fife*ftfc3fc3HS» H 8li#ffi£ 
1 0 i±£#i&P 1 ©A*fSt5> 1 2 ftffiH&P 2©mitSPT*5o ft^jftK 
2 ir A -5 P 1 liftfegteg L ©g$ £J£ 0 fz&mfctfcm 3 T-^iH& P 2 

KSJfcStU »©Kl;< L©5**»,fc^d«S<EM4Ti«H»/<7-ttie^ 
20 ^C/lSo 

C©«t^{rLT^?&K2f«9TvN 0 7-*liL^MjSP2l*Wltg|Jl 2J;*>iS[ 

it^n^o ^tfe$n^^j&P2(ii/>x3 2T¥ ; fT3t(r$n*o 

oftfo&m&m? 2 5 ©sjg^jfe^oi ^th^oe-, xmmzmm-r s , 

25 
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©^7-^ft5Tati lCTafi) £$0. 3mmOL i N 

C©&> If 10$I^:Tai (^2(5Ta§g) 6 b£4ta-T£o 
5 lOSBl^lclfclilOTaiiei, &t£l©gffii::J&J5£Lrt:02 6DT am 

^10TaS@6<»:^2 0Tatl6 b (Wttf 1 0*o 

#/HO £4*.T, L i NbO,36«lrtlC*#£JBJ«r*. c©*J£Btiinm: 

m?ttfaiZfaitz&m%&m3<0£:ZUt2. 5^mT*5, HF : 

HNFSOl : l«^«i:T 2 O^B^y ^>^U Ta^6St;6b^i 

#C x'J ? h^©ISpSp (tf 4 /f nu fi£ 1 2mm) ^oTa7X^ 
15 H^) &£*£l±iCj&JjfcLfc&, tfo«K*ffll^^n h >£&jfl£l (2 6 0X\ 
4 0#Rg) fcifeUT* Bl 8CII^$nSJ:-5{r. 3t*i*iS2*3gjft-r*. Ta 
XU v h (ipi6 fim^ g$ 1 Omm) £WLTfctK COX'J y N*< 

20 d h >»sn^^i»t«MR^tt*iaau - *©sp»©JB!ff*iio . 002 
f§g_L#-f5« fti*> ^oB«f^m^*«(ui2K»n,T*fiarr*. cost 

fc«-«R<SIB 3 <DW&\®mt 5 mt* t) . d MttJUQM^ttttft 9 4 7 n 
mtD^cjftir*fbTi&^1"Se 
25 ftKs ® 1 8 DKi^sn S i O a fr£*Jfc$ftfc««R 0 

0-4 OOnm) 1 3 1 ±IC»Jft Ufcflfc^ A 1 5H 0^32 0 Onm) £^ 
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^--^U AHfl4*35«ti. A l«i 4(i x ffl*3t©a«KH 
*A#8S1 0*5«kcfWJftMB51 2*JMW-* D 3*fcA|rtpi 0 p 11: 

3tr**fi«3- h**r. hahr 1 2 mi»»p i ^-r-ssitn- n c 9 

9 96) , SISMP 2 S&Sltn- h*«rr o 
C©«k^fcLT® 1 7IC^3tl**»M»*^2 5 1 Omm) * 

->>^*-Kfi«U ttfi4 73nm(DKnttP2^i 2J:*}g;igftgp 

«©1 0 OteK-rsctTN 1 0 OttOjbaWrBjLSCisfttTdS^&T**. 

K*»tt/*7-««tt 2 Wtt©Tft*aUIJ9*li 4 0* m£i±T* 5 C 
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if 2 OOW^P 1 actual 0W©£§. ffi*3WOilSia&P 
5 -fSffrggliO. 4nmt'fc5, ^0. 4 nmrftTt>@&l/-1f03£iI& 

is cmicj:t)««»*-fWk-i-*c: /wsu m&* Ht&wtiz* 

tit:. *»MT«l>fcfNi»**»AT**L i T a 0,tt*8lttflj&<A^T* 

EI2 0£#RSUtt*<£» «WOb-1f»«ft«©iaBfl*«ll!-r*. 
25 H2 oiza*3*i*J:"5»wo ^ O U -if SltSgofttEU:: li. Bl l 7 K^SftSW 
ftOV- IfifcSfcJB^fce 4 5 {iWfeT*S&S4 7 3 n m^© l/-1f 
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*ftfc*fcl'-ir*(ifllR|||CAirr*. 5 6fiii]MiMk 5 7ii 7 Jc¥MSI 

SffiiM' X4 mx3rai:fehT)lfI3 0 0 c d/m 2 > n > h bit 1 0 0 : 
Is *¥M&mi 0 OOTV^Ht, «KJb*C©J:3raWWH*||Krt± 
Ufc„ ^1^-" !f^l>^«Jffi{rJt^fig^l 0 0 0^01. mRfrl 0 
0 O^-cd 1> ffim&«< 10 0^01 t*«K3fc»r*c i*<Tftfc. 
ffi^fcb-1ftfcB*</hBL ffi«3»«7T*«ci, tS*>lz±m.Mm<-tettei 

02 ^NSfcU— y*2 0^^fcBfcS*?ftP l(±b>X3 0, 
¥&fi*£3 7, 3fcftU>X3 l£*l/t3fc»fig&^2 5fC*ft*iffiflttP 2 

icsafesfis, o*5c©#iTttH#u-if*ttferirfe**wTi^. jtas 
aawf 2 5©«jAii^n«ii&)st?mT*s. *mmmvt>L i Tao 3 s 

gf2 2|* x tmwu-ir 2 OtoAWMt^, ^#1—^2 Ottfl^AS 
S 02TFDBR£ll&-f) ¥«#U-1f2 0ai:W*l/-1fT>r2 0b«fc?)# 
&3*m*«. DBR^U- if 2 Oai;i^l/-f>f ^KcfcSD B RSJJ2 
7*<«fi5*tlTfe?)-S©»*T5fe«*=l&fi-r* 0 £©DBR2j£#f*U~if2 0 
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0b|:|< g d<D4NM*l/— ?Tyf2 0 b©S1£JI2 6 b TV <7 ft, 

5 mmf*4, C l/-1f©»«»*(± 9 6 Onmt, 384lfc 
MttP 2 0ttfi»4 8 0 nm> fettWfeT* fco S^$ltl 0WA*T 1 

fcKC©DBR¥##l/-1fHRFmfi CffJHtttt) £*T^fc. 8 0 OMH 
10 zcDIM" >«TOtt»*DBRiNM^CfflnU L¥«flcU— V 
*'«>bxai©*fltfHI:«T-»fc. DBR^U-fiiOi^CRFIfin 

# © 5 M«$*<I^± Ufc. 
IMMsT* t «k &/NHftaMBft*. 

*ttwr«. *iW*i/— 9*2 o^6©S*iP itti/>xs o-ea^irjtttfi 

K&X?2 5lZ|fc*3ft*. *»fi«"CW:L i Ta03«K©ftt>3l=L i Nb 
20 O s *ifitbTil>fc, *fc'<^a©*tt«<l»^2 5*ffl^T^*. L 

RFWMNSC rte-*'<7-#rt±U ftttS3^*©«J*3fr**<*«i: 
ft±-T*. #©£!|£)I3©j§JSIi3. 5/inu 3fc»Mi***2 5©fi*H:7m 

25 LTl^. 3taiES«»*^2 5©»fif|F$«ttO. 1 nmg££ffcl^&T&*„ 

fta*saMif^2 5T£ft$n<£^ofcif*ap 1 J±i/>X3 2TTOt$^ 
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So C0*»«-Cli^fl:l/--!f©J6a&fi{i8 8 0 nmT*Jfc<3 MZtltLMmm 
P2li4 BOnm0tfe^,fc a C©£*RFB&tttt8 1 0MHz, mtlit 

n^o <»sittia*«^*{r3esLTi^. *««*<*^©j4a6*« 

/ml mm. M^ans. 

ttfi8 0 6nm©¥»l/-1f2 0J:!)fflfc#>r3fcPl a 1*7 r*'*- 4 0 

attAiklXMf^ 5 CAS. ftfcg&«U£?-2 5©#Jj4(i|&±^T*SNd 
K-T'Sftfc L i T a 0 a £tg 1 b Tfc 9 s J§S9 5 . 1 # m©#ffiS|E;fgi£3&< 
?&J5fc$ftT<,>5o Nd© K-7*4lilmo 1 %Tfc5o 2 2 {±££|t* 
S9 4 7nm©^9 9 96^S*fU8 0 0 nm^O3tli^iSr5o Sfc. 2 3 *> 
£Sm5-TifcB9 4 7 nmOjfe^B 9%££ltU4 7 0 nm^CDftli&fit- 
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3 ft*: 9 4 7 n m©ifcgT&& U $ 6 Kd-ffi&lEA 3 K J: 3 M^^^Sfefil 

^jv^m^xmssc^ittm t>*iTt >* e z ©g»j© u— sf*aR©g»siJ 

10 *<T£S 0 

tfcs 5-2 2*?J:tf 2 3 0 6 0 nmfCS^i:, 

3 ©JSJB£ 1 0 6 0 nra|i:^5C <bTx 1 0 6 0 n m£<&&U 
KN&P 2 iUT»6^— !f3t Gftfi5 3 0 nm) *<»&*ifc 0 £W 
S5-2 2fcJ:a ? 2 3©n~ tV 1 3 0 0 nm&GBMl^ ftmSMM 3 

15 ©J§8!£1 3 0 0 nmffifCgbtSC tT% 1 3 0 0 nmtfftSU iSfSJSP 2 i 
LT*feb—!f5fe (&S6 5 0 nm) C ©««T«i«JJlC*, *g> 

ffcfe© HJgfe 1/ — sfjbWf $>ti £ o @# u -if *§«f| i^ti&SffiSiai^*^ 

L*:*£jjS£gI2 5{r^-r„ @#l/-1f$§&2 1 tLTNd : YV0 4 *7 7 -f/< 
?>#ttfc. L i TaO s *ffil03fc&S««i*^2 5lC^S8*t 

20 iz#*£fc«a*«»jS3*ra*s. ::©«&© U— ifjt2g{ifc^Tt>^ir2W 
©*fei>— t*<-e#fc„ ■ 
*^6DM{ctib©n»j{i-pt>Tgi®*ffl^TMi-So eg 2 6 \z%L$mm<z> 

U— !f*«©«WEH**r. »fi8 0 6 nm©^Niflcl/-if 2 0 J:?jmfc#>7' 

3tp i aiiBffri/— ireft2 iTi$&p nr^ei$n7 r >r/<-4 OKAitu 

25 7 7 ^<-4 0«f»*£!IM-*. Cfl)77>f^-4 0lii/>^- KTr'f^- 
Tfc£o 7y-T/>'-4 0^&fflfcat*aPlttA»«aaft*-?2 5lIA*o C© 
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ll±Z*g©L i TaOa^tS, 2liDS$n^^ 3 fi#@£!£Ji. 10 
li&*&Pl©At-raS, 1 2{ijg»P2 0W|if|fi!T*So ft^ffi^KA-?*: 

S&2rtT^ 0, 7-«-itL^iflS^P2{ia}|tg|Il 2 e fc!3;&lf$nSo 

^fc. m*ia&mi 4&mmmi 3&ftLx&j£ztLx^% 0 ^>y^p 1 

a*<3 0WCT1 OWOTSta^P 2 3&<#£*ifc 0 3fc&ggE&3^2 5 {C7gj££tt 
*&P l^jK^^^iT^finW^ N{IT*#«„ !f;&> 

^^s^&s^is^ft-s^ tx-mK±M^m<:z bts<x%z> 0 

15 tJ*Ji9 8 0nm, £B^J 1 0W©fe(D^l^ o Cft^ft&Sg&ljt 

^2 5ir7T-T/<-4 0£iILX*t^U H&g8l£fT9o 4 SOnmOSfiT, 
ffl^j2W*<?ft»nfc„ 

mi*ti 0 4 5l2WfeX'&£&g4 7 3 nm^©l/-1f:)fc$tT&£o 4 6{*i&t5 
3 0 nmO^feOl/— tf^tiH. 4 7(*&g6 5 0 nm©ffe©l/-f jfeix^j, 

K&mm^ZKii-tzz. tx*ti*'ti®ytmtiitni%.m2tix\,^ 0 m&u—r 
□>r»y* * 5-6 2{iit)#fei/-if^<»:ife©2fe*-<^$n5o 5 6te^s-m 
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* »J->7 OfcJB^Tx IIt>rX2mxlm(:i : l>T^lt2 0 0 0 c d/m 2 . 
3>h7*hJfc'l 0 0:1. 7jC^»«Sl 0 0 0TV$ s Itmi 0 0 0T 

5 fcflS«aiMU6T/hS < > *©$&*ttlfc*:T*5. 

+ > ##it t tzWiz U - if ©m Mt>< i tttttcttti 5 J: -5 tr « T l * £ « * > 
&tt£tlZ U— !fjt©4*3») Ktta*©Pl^y© a MW|cl/-1> , T*«#Hl/- 
1f*bW§ffl£X*+>LT*i»K d©5t»(**<Mn5il/-1fjt{±Sifrirejn 

15 Cn?»t-olNTgI2 8*ffi^TUJBJ-rS. SJffeT'&SS*©!/-^ 

c © u— y±temm$m 1 1 ©Jiaatcttg-rs-fe >•»*— a*? b -L£ii;a-r£c 

^©■fe>-y--Afe e fc^B©to(t-^(i^{r^-^-$tiTl^o — 
U-1fl3j:*a^U-irA«^6©l/-1f*tt«fl|#5 8HJ:»JX^i;->7 0 
20 ©Ji2£ftK;***>$ftT^So C©SM^(i-ir>-tf-C}rA5 0 ot^ A 
aSp©*> & #3 .£-e©£&bfeti-te C KA£ J: ? Ktt -jTI^, 

tfB©t,vfftfr©#%*<— immizQm®&\zAztz^t%iti'-i?ftm<D&'€ 
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-y&&mw:<DmdL®£*to mso iz&tz o \z s^u— ritiz-rv xlmxr 

£&#6 6^-An*Cci:T2^|Sl{Cl/-1f3fe{iMJ$nSo C©0*H3tlfcl/- 
ftX* »J->7 OKASo £S!#5 a. 5 bKJ;5*nW*^lRl^6jB 1 ^pr^ 
StfttftzJktS. -3tWr3t»li3t»2*<Anif*)?j. AHirioT 
^6£^I©i;-5 Kitftf!/^ /r**UK> fS^fcStW^ms C 
«*djRl Lfc#|^fe© I/— tf jfcS* 2 oJB l %£U;frft «fc ♦? X * 'J - > iZMM UT 

ai * e - ©*<£ i o©3t®m^i±^-c^rti-o 

1 1 fcf^n© u -if &ast jwh i ^ nx v > § e c n*^t5t«c^^^ $ n *: 

X* >;~>7 OIZMAFt 5- £T% ^, ifSs Wfe©RGB:fc&<f&3te-f 5o U-if 
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3MRO«J*ttW(*U-^Ofi»5Sfi'T?***fel/-^3fc6 5 0 nm^L i T a 
0 8 O3fciMlftIfi:TWiI3 2 5 nmi:tfc 0 CCjWSEWf^tt 

CCTli#fe©¥#frl/— !T*M9eiH" ##©£WOT*»T^*. 
5 «H*tlfc«Hl/-1f*«*rtI»»wA*. 5 6tt££fiffl«* 5 7 {i7jc3Hifq]SI 
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